We used body mass index (BMI) 
Perinatal and early adulthood factors associated with adiposity
Fatores perinatais e da vida adulta jovem associados à adiposidade
Introduction
Obesity has become a severe worldwide public health problem. It is considered one of the major risk factors linked to the development of cardiovascular diseases such as hypertension, diabetes and dyslipidemia, and is associated with increased mortality 1 . Over the last decades, Brazil, like several other Latin American countries, has undergone a rapid demographic, epidemiological and nutritional transition 2, 3, 4 , resulting in an increased prevalence of overweight and obesity in the country 5, 6 .
Studies have shown that individuals with lower levels of schooling and income have a higher prevalence of overweight and obesity 7, 8 . However, in Brazil, a higher prevalence of obesity has been observed in women with lower levels of schooling and in men with higher levels of schooling 4 . It has also been found that married men and women have a higher prevalence of obesity 9, 10, 11 .
Prevalence of obesity is higher in children born to primiparous women 12 . Experimental studies on animals have also demonstrated that maternal parity influences size at birth, postnatal growth and body composition 13 . Studies have also revealed a relationship between higher weight at birth and risk of obesity in adolescence and in adult life 4, 14 .
The body mass index (BMI) has been internationally recommended as an indicator of ARTIGO ARTICLE body adiposity but is limited because it does not distinguish between excess muscle, fat or bone mass 15 . Waist circumference (WC) is used in population studies as an indicator of adiposity for the following reasons: it is associated with the occurrence of cardiovascular diseases 16 ; results obtained using this method highly correlate with those of laboratory methods for assessing body composition 17 ; it is one of the simplest methods to use and is highly reproducible 18, 19, 20 . Some studies have suggested that the combined use of the two measures (BMI and WC) improves identification of the risk of cardiovascular diseases 21 .
The objective of the present study was to determine the association between specific perinatal factors (BMI at birth, socioeconomic status and number of gestations) and early adulthood factors (socioeconomic status, marital status, smoking, alcohol consumption and daily fat intake) and adiposity in adult life. We hypothesized that risk factors differ between men and women and when WC, as opposed to BMI, is used to measure adiposity. The study was conducted among the young population (aged 23 to 25 years) of a city with high per capita income in a middle-income country.
Material and methods
The present study arose during the fourth stage of a prospective longitudinal birth cohort study, which included infants born in the municipality of Ribeirão Preto, State of São Paulo, Brazil between June 1 1978 and May 31 1979 22,23,24 . In 2005, Ribeirão Preto, located 320km northeast of the city of São Paulo in the Southeast Region of Brazil, had 543,885 inhabitants 25 and an area of 642km 2 .
Population and sample
A total of 9,067 liveborn neonates delivered in hospitals in Ribeirão Preto between June 1 1978 and May 31 1979 (98% of all liveborn babies) participated in the study. For the follow-up of the cohort, babies whose mothers were not originally from Ribeirão Preto and not resident in the city at the time of childbirth were excluded from the study. Of the 6,973 liveborn babies whose mothers were residents of the city, 6,827 were single births and 146 were twins. Of the 6,827 single births, 246 died within the first year of life 26 and 97 died before reaching the age of 20 (a total of 343 deaths) 27 .
In 2002, after excluding multiples, 6,484 cohort members residing in the city were eligible for follow-up. Due to a high urbanization rate of 99.6% (Brazilian Institute of Geography and Statistics, 2000), the search was performed only in the urban zone and 5,665 individuals (87.4%) were located. The city was divided into four geoeconomic areas: poor, middle-poor, middle-rich and rich. Using the geo-economic characterization of the city 28 as a basis, one out of every three residents of the same geographic area was randomly selected, contacted and invited to participate in the follow-up study. During this process, 705 individuals had to be randomly replaced due to refusal (209), imprisonment (31) , death before the age of 20 (34) , and failure to attend the interview (431). Therefore, a total of 2,063 young adults effectively participated in the study, corresponding to 31.8% of the original sample ( Figure  1) . Details of the methodology used by this study have been published elsewhere 29 . The project was approved by the Research Ethics Committee of the University Hospital, Faculty of Medicine of Ribeirão Preto, University of São Paulo (Hospital Universitário, Faculdade de Medicina de Ribeirão Preto, Universidade de São Paulo -HCFMRP-USP).
Instruments and variables
Structured questionnaires were conducted through face-to-face interviews undertaken with the mother after childbirth and with the adults between the ages of 23 and 25 years.
The following variables were studied at birth: birth weight and length, birth BMI (calculated as weight, in kg, divided by height, in m, squared), preterm birth (defined as < 37 weeks gestational age, measured from the first day of the last normal menstrual period as reported by the mother); maternal level of schooling in number of years of study (0-4, 5-8, 9-11 and ≥ 12 years); maternal smoking (categorized as yes, regardless of the number of cigarettes smoked per day, and no); maternal marital status (partner or no partner), and number of gestations (1, 2 to 3, and ≥ 4). Anthropometric measurements were taken using hospital pediatric table scales (with 10g precision) tested and calibrated on a weekly basis. The infant was weighed immediately after birth. Birth length was measured with the infant in the supine position using an anthropometric instrument specially made for the project and available in all hospitals. The BMI was used instead of the ponderal index that is used as an indicator of thinness at birth, because it is a better measure of adiposity 30 .
The following variables were studied in the adults: current occupation of the head of the family 23 , categorized as non-manual, skilled manual, semi-skilled manual, unskilled manual and other (people undergoing training or students, unemployed, retired and housewives); level of schooling categorized as number of years of study (0-4, 5-8, 9-11 and ≥ 12 years); marital status (partner or no partner), smoking habits during the last month (non-smoker, ex-smoker and smoker: < 5, ≥ 5 cigarettes per day). Alcohol consumption during the last month was assessed in g/day, with > 31.1g/day being considered "high" and ≤ 31.1g/ day being considered "low". This cut-off point, to separate low and high alcohol consumption, was defined because above this level consumption is considered excessive 31 . A comparison between low and high consumption was made because low and moderate alcohol consumption has been associated with lower risk of cardiovascular diseases 32 . Daily fat intake was measured and analyzed as a continuous variable. Information on alcohol consumption and daily fat intake was obtained using a food frequency questionnaire (FFQ) on the "habitual" diet regarding food intake over the previous 12 months. The FFQ was based on a questionnaire validated for use with the Japanese-Brazilian community of São Paulo 33 . The BMI was calculated using the formula: BMI = weight (kg)/height (m) 2 (BMI = W/H 2 ). WC was considered to be high when > 102cm for men and > 88cm for women 34 . Anthropometric measurements (weight, height and WC) were performed by trained personnel using standardized techniques 35 , with the subject barefoot and wearing light clothes. The instruments used were a periodically calibrated precision scale, anthropometric instruments for measurements with the subject standing or sitting, and an inextensible measuring tape.
Statistical analysis
A sample of 783 individuals from both sexes was necessary in order to obtain a linear regression model coefficient equal to 0.10, with 80% power at significance level of 0.05. We opted to stratify the sample by gender because in Brazil the variables associated with obesity differ between men and women 6, 11 .
The response variables used were adulthood BMI and WC. BMI at birth was used as a continuous variable. Sequential adjustment was performed with four models stratified by sex using a hierarchical approach: the first model -adjustment for BMI at birth and preterm birth; the second model -adjustment for birth variables such as maternal smoking, level of schooling, age, marital status and number of gestations, as well as BMI at birth and preterm birth; the third model -adjustment for adulthood variables such as level of schooling, occupation, marital status, smoking, alcohol consumption and daily fat intake, as well as BMI at birth and preterm birth; the fourth model -adjustment for all variables.
The statistical model used for analysis was multiple linear regression. This model requires residuals with normal distribution with zero mean and constant variance. Since this assumption was not satisfied, the bootstrap method was applied to the regression model. The bootstrap confidence interval (BCa) of 95% was adopted by the present study, and the percentiles of bootstrap distribution and the percentile interval were also used. The advantage of the BCa is that it generates more accurate confidence limits than the intervals obtained by the percentile method. The results were obtained using Stata 8.0 software (Stata Corp., College Station, USA).
Results
With regard to birth weight (p = 0,618), birth length (p = 0,507) and maternal age at delivery (p = 0,065), no differences were found between those that participated and those that did not participate in the follow-up study. In the group that participated in the follow-up study there was a greater proportion of women (p = 0,004), a greater number of preterm births (p = 0,037), a greater proportion of heads of family employed in high-skilled occupations (p < 0,001), a greater proportion of mothers with ≥ 5 years of schooling (p < 0,001) and a greater number were married (p < 0,001) ( Table 1) .
Of a total of 2,063 individuals that participated in the study, 51.8% were females and 48.2% males. Almost two thirds of the sample (63.3%) self-reported themselves as white, 84.5% had ≥ 9 years of schooling, 34.3% were skilled or semi-skilled manual workers, 23.8% were not economically active, 21% were employed in a non-manual occupation, 32% were married and 27.2% had children. The family income of more than half of the sample (53%) was three to 10 minimum wages and approximately 10% of individuals studied were from low income families (< 3 minimum wages).
The results showed significant differences between the sexes regarding anthropometric characteristics, alcohol consumption and smoking habits (Table 2) . A higher proportion of men were overweight (30.3% compared to 17.7% of women). The prevalence of obesity was similar for both genders (12.8% of men and 11.1% of women). Alcohol consumption was lower among women (58.3%). "High" alcohol consumption (> 31.1g/day) in men was greater than in women (32.8% vs. 8.7%). Women also presented lower levels of tobacco use compared to males (13.9% vs. 20.8%). With respect to daily fat intake, approximately 25% of the total sample reported that they consumed 40g or more of fat per day. However, fat intake did not differ significantly between the sexes.
When adulthood BMI was used as a response variable, no association between adult BMI and BMI at birth was found for either of the sexes using the first model, adjusted for preterm birth (Table 3) .
In the second model, adjusted for preterm birth plus birth variables, among women, for every 1kg/m 2 increase in BMI at birth there was a 0.26kg/m 2 increase in adulthood BMI. The adulthood BMI of women with mothers with lower levels of schooling at the time of birth showed an increase of between 1.6 and 1.8kg/m 2 . For women whose mothers had two or three gestations, adulthood BMI showed a decrease of 1.22kg/m 2 . Among men, there was an association between BMI at birth and adulthood BMI (Table 3) .
In the third model, adjusted for preterm birth and for adulthood variables, among women, for every 1kg/m 2 increase in BMI at birth there was an 0.27kg/m 2 increase in adulthood BMI. The adulthood BMI of women whose head of family was employed in a semi-skilled occupation showed an increase of 1.4kg/m 2 . The adulthood BMI of women who lived with a partner showed an increase of 1.72kg/m 2 . The adulthood BMI of men who lived with a partner showed an increase of 0.9kg/m 2 . The adulthood BMI of men who consumed large amounts of alcohol showed an increase of 1.15kg/m 2 (Table 3) .
In the fourth model, adjusted for all variables, among women, for every 1kg/m 2 increase in BMI at birth there was a 0.28kg/m 2 increase in adulthood BMI. The adulthood BMI of women whose mothers had had two or three gestations, showed a decrease of 0.97kg/m 2 . Among women whose head of family was employed in a semiskilled occupation, adulthood BMI showed an increase of 1.13kg/m 2 . The adulthood BMI of women who lived with a partner showed an increase of 1.47kg/m 2 . The adulthood BMI of men who lived with a partner also showed an increase of 0.93kg/m 2 . In men whose alcohol consumption was ≥ 31.1g/day, adulthood BMI showed an increase of 1.1kg/m 2 . In men, for every 1% increase in daily fat intake, there was a 0.05kg/m 2 increase in adulthood BMI (Table 3) .
Using WC as the response variable, for the first model, adjusted for preterm birth, there was no association between BMI at birth and adulthood WC in either of the sexes (Table 4 ). In the second model, adjusted for preterm birth and other birth variables, the WC of adult women whose mothers had lower levels of schooling at the time of delivery was 3.3 to 4.0cm larger. There was no association between any other variable using this model (Table 4) .
With respect to the third model, adjusted for preterm birth and adulthood variables, adult- hood WC was 4.0cm larger in women from households where the head of the family was employed in a semi-skilled occupation at the time of birth. Adulthood WC was 2.9 larger in ex-smokers. Adult hood WC was 3.38cm and 2.48cm larger in women and men respectively living with a partner, compared to men and women living without a partner. Adulthood WC of men who consumed alcohol was 1.9 to 3.5cm larger than that of men who did not consume alcohol (Table 4) . Regarding the fourth model, adjusted for all variables, there was no association between BMI at birth and adulthood WC in either of the sexes. Adulthood WC was larger in women from households where the head of the family was employed in a semi-skilled manual occupation (3.19cm), women living with a partner (2.80cm) and women who were ex-smokers (3.44cm). Adulthood WC was larger in men whose mothers had 5 to 8 years of schooling at the time of birth (2.79cm), men living with a partner (2.53cm) and men who consumed ≥ 31.1g alcohol per day (3.41cm). For every 1% increase in fat intake among men, there was a 0.14cm increase in adulthood WC (Table 4) .
Discussion

Main findings
An association between BMI at birth and adulthood BMI was found only among women. Adulthood BMI was larger in women living with a partner and from households whose head of the family was employed in a semi-skilled manual occupation and lower in women born to mothers who had had two to three gestations. Adulthood BMI was larger in men living with a partner, who consumed large amounts of alcohol and had a large fat intake.
No association between BMI at birth and adulthood WC was found using the sequential adjustment models. Adulthood WC was generally larger among women living with a partner, belonging to a household whose head of the family was employed in a semiskilled occupation and who were ex-smokers. Adulthood WC was generally larger in men whose mother had 5 to 8 years of schooling at the time of birth, living with a partner and who consumed large amounts of alcohol and fat.
BMI at birth
The association detected between greater BMI at birth and greater adulthood BMI confirms the findings of other studies that have proved the association between greater birth weight and greater adulthood BMI 36, 37 . However, in the present study, this association was only observed in women and the effect was small, probably due to the young age of the cohort. Previous systematic reviews have found consistent associations between birth weight and obesity in childhood and adulthood 38, 39 and there is no suggestion that such an association is limited to the female sex as found here. The different results for men and women may be explained by health behavior or by differences in in utero programming mechanisms.
No association was observed between BMI at birth and adulthood WC in men or women. This may be because the accumulation of abdominal fat occurs at a later age and therefore the effect of BMI at birth on adulthood WC manifests itself in later adult life. In a study conducted in the United Kingdom, greater birth weight was associated with a larger WC at 43 years of age only in men 40 .
Number of gestations
While women born to mothers who had had two or three gestations presented lower adulthood BMI compared to those whose mothers had had four or more gestations (a fact that was not observed in men), no association was found between number of gestations and adulthood WC. Recent studies have emphasized the importance of parity in the development of adipose tissue. This suggests that first born offspring have an increased capacity for adipogenesis, which may be an important factor determining later adiposity 13 . Reynolds et al. 12 demonstrated higher body fat percentages among men and women born to primiparous women. The association between primiparity and offspring adiposity and late metabolic disease was also described in models used to study animals 13 . In our study, however, body mass index was higher only among women born from mothers who had had four or more gestations. Any gender affected association between the number of gestations and later offspring adiposity might be explained by differential gender effects of programming due to interactions between biological mechanisms and life-style factors.
Marital status
Velásquez-Meléndez et al. 11 demonstrated a higher prevalence of obesity and overweight among individuals living with a spouse. In the present study, living with a partner was associated with higher BMI and WC values in adulthood among men and women, thus demonstrating a consistent association between having a partner and greater body adiposity.
Socioeconomic status in adulthood
Studies in developed countries have shown that higher socioeconomic status is associated with a lower risk of obesity for both men and women 7, 8 . Studies conducted in Brazil have reported that, among women, lower levels of schooling are associated with higher levels of obesity, whereas among men a higher prevalence of obesity is associated with higher socioeconomic status 4, 6 . Velásquez-Meléndez et al. 11 demonstrated that there is a higher prevalence of obesity and overweight among women with less than 9 years of schooling. According to Veloso & Silva 9 , lower levels of schooling among women were associated with a higher prevalence of abdominal obesity and excess weight, whereas among men higher levels of schooling were associated with a greater prevalence of excess weight. In the present study, having a medium socioeconomic status (defined as coming from a household where the head of the family is employed in a manual semi-skilled occupation) was associated with a higher BMI and larger WC only among women. It is possible that women that have a medium socioeconomic status enjoy greater access to higher energy and lower cost foods than women of a low socioeconomic status, and that women having a higher socioeconomic status can afford more expensive low energy dense foods. Han et al. 41 reported that Dutch women who had not completed high school are almost three times more likely to have abdominal adiposity than women with higher levels of schooling.
Socioeconomic status during childhood
Goldani et al. 42 demonstrated an association between lower levels of maternal schooling at childbirth (< 8 years) and higher BMI among males aged 18 years. These results were not replicated by the present study, since lower levels of maternal schooling during childhood (< 8 years) was associated with greater BMI and WC in adulthood among women but not among men.
Other factors
It is well known that adiposity increases in people who give up smoking 43 . A study conducted in Brazil demonstrated that ex-smokers of both sexes had greater mean WC values compared to smokers and non-smokers 44 . In the present study, however, no association of this nature was found in men and, in women, being an ex-smoker was only associated with a larger adulthood WC and not with a higher adulthood BMI.
The influence of certain behavioral factors on adiposity has also been subject to study. Dallongeville et al. 45 demonstrated an association between alcohol consumption and larger WC, regardless of BMI, in both sexes. Donadussi et al. 46 demonstrated an association between high total fat intake and greater abdominal circumference in men. In the present study, men who consumed a high quantity of alcohol and had a high fat diet (≥ 40%) presented higher BMI and greater WC values.
Strengths and limitations
One of the strengths of the present study is that it comprises a longitudinal population-based investigation involving a young population in a middle-income country undergoing nutrition transition. It is known that a significant increase in the prevalence of obesity and glucose intolerance has been observed in middle-income countries which have experienced rapid changes in socioeconomic conditions and where food scarcity has given way to greater availability and abundance within a short period of time 47, 48, 49, 50 .
The present study is limited due to losses in the cohort during the first year after birth when infant mortality rates were still high, especially among small for gestational age infants. Many of the lighter and smaller newborns did not survive 26 , limiting the analysis of the relationship between birth weight and disease during adult life. Furthermore there were some differences between subjects followed-up and those not interviewed in 2002/2004. Follow-up rates were lower in the case of males, particularly those engaged in manual occupations, not born preterm, with low levels of schooling and unmarried.
Conclusions
Both early and current life variables influenced BMI and WC in adulthood. Associations differed inmen and women and were also different between BMI and WC. The most consistent associations were that men and women living with a partner and men that have a high intake of fat and alcohol present higher BMI and WC values in adulthood. The difference detected between genders may indicate some differences in life style between men and women, suggesting that preventive policies should also incorporate specific strategies for each sex. 
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